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and for the computation of quantitative morphological cartilage
parameters in these subregions.
Methods: Methods: An algorithm was designed that divides the
medial and lateral tibia (MT/LT) into 5 subregions and the central
medial and lateral femoral condyle (cMF/cLF) in 3 subregions,
based on segmentations of total area of subchondral bone (tAB).
In MT and LT an ellipse was computed around their center of
gravity, taking into account the anterior-posterior and internal-
external dimensions of individual cartilage plates. These areas
(cMT and cLT) were aimed to cover 20% of MT and LT, respec-
tively. The line connecting the centers of gravity of MT and LT,
and the location of the fibula were used to automatically create a
local coordinate system to divide the remainder of the tibial tAB
into anterior (a), posterior (p), internal (i), and external regions
(e). In cMF and cLF, central, internal, and external subregions
(ccMF, icMF, ecMF) were defined based on the segmented inter-
nal and external contours, to cover 33% of the plate, respectively.
The reproducibility of the methodology was tested by analyzing
30 test-retest data sets (with repositioning in between replicate
acquisitions) from 15 healthy subjects and 15 patients with mild
radiographic OA, using a coronal FLASHwe sequence (1.5 x 0.3
x 0.3 mm3) at 1.5T.
Results: Results: The size of the central medial tibial region
(cMT) was 20.02 ± 0.02% (mean ± SD) and that of cLT 20.01
± 0.03%. The central part of the central medial femoral region
(ccMF) was 33.19 ± 0.16%, and ccLF 33.3 ± 0.16%. The root
mean square coefficient variations (RMS CV%) for cartilage
thickness over the entire subchondral bone (ThCtAB) was 2.0%
for the entire MT plate, 2.1% for cMT, and 4.7% in aMT (maximal
error). In LT the RMS CV% was 1.8% for the entire plate, 2.2%
for cLT, and 3.7% in pLT (max. error). Values were 2.4% for cMF
and 2.9% for ccMF (max. error), and 3.3% for cLF, 3.8% for ccLF,
and 3.9% for icLF (max. error).
Conclusions: Conclusions: We show that an algorithm for the
computation of regional parameters of cartilage morphology can
reliably and automatically identify defined subregions of consis-
tent size based on the segmentation of entire cartilage plates.
Regional measurements of cartilage thickness (ThCtAB) display
only slightly higher precision errors than those of entire cartilage
plates, but may allow more efficient detection of changes in car-
tilage morphology longitudinally, if cartilage loss affects certain
subregions more strongly than others.
P255
EFFECT OF MENISCAL DAMAGE AND MALALIGNMENT
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Purpose: Medial meniscal (MM) damage can develop in knee
osteoarthritis (OA) without overt injury and leaves the meniscus
less able to attenuate load. Malalignment, whether it develops
before or after the onset of OA, impairs load distribution at the
knee. Most evidence of a pathogenetic role for these factors
in knee OA comes from studies that assessed progression by
x-ray or qualitatively by MRI. There is little information about
the effect of either factor on cartilage volume loss or on pa-
rameters such as cartilage thickness or denuded bone area.
There is a biomechanical rationale that MM damage and varus
malalignment (Vmal) may interact in their effects on cartilage, but
little in vivo evidence to support this. We tested the hypotheses
that baseline MM damage and Vmal are each associated with
medial cartilage volume loss, cartilage thickness decrease, and
denuded bone increase, and that these factors interact in their
effects on the medial cartilage.
Methods: Community-recruited individuals with knee OA (symp-
toms + osteophytes) had full-limb x-ray at baseline. 3.0T MRI
at baseline and 2 years later included coronal and sagittal spin-
echo for WORMS scoring of MM damage and axial and coronal
SPGRwe for cartilage loss quantification. Subchondral bone area
and cartilage surface were segmented for the medial tibia (MT)
and the medial central femoral condyle (cMF). Cartilage vol-
ume, denuded bone area, and average cartilage thickness were
quantified using proprietary software. Progression was defined
as loss exceeding precision error specific to measure and to
cartilage plate (Eckstein 2005). Readers processed images con-
currently blind to time order. Logistic regression using GEE was
performed to estimate odds ratios (OR) for the effects of baseline
MM damage and Vmal on MT and cMF cartilage loss measures,
and to test for the presence of a significant MM damage/Vmal
interaction.
Results: We studied 86 persons (mean age 72, BMI 30, 72%
women) with mild to moderate knee OA. As shown in the table,
MM damage at baseline significantly increased the odds of MT
cartilage volume loss, MT denuded bone increase, and cMF
denuded bone increase. Also, greater Vmal increased the odds
of MT cartilage loss for all 3 measures of loss and cMF denuded
bone increase; the OR shown is per 1 degree increment of Vmal.
Next, we tested, in separate models for each of the 3 outcomes,
whether the MM damage and Vmal interaction was significant,
adjusting for age, gender, BMI, MM damage, and Vmal. In
predicting medial tibial cartilage volume loss and denuded bone
increase, there was a significant interaction between MM damage
and Vmal. An interaction was not detected for cartilage loss at
the femoral surface.
Outcome, 2-year cartilage MM damage OR, Vmal OR (per 1 degree)
loss by: adjusted for age, adjusted for age,
gender, BMI (95% CI) gender, BMI (95% CI)
MT cartilage volume 1.45 (1.09, 1.94) 1.15 (1.04, 1.27)
MT cartilage thickness 1.08 (0.81, 1.44) 1.12 (1.03, 1.23)
MT denuded bone 3.95 (1.86, 8.37) 1.21 (1.00, 1.45)
cMF cartilage volume 1.29 (0.93, 1.78) 1.10 (0.99, 1.22)
cMF cartilage thickness 1.32 (0.98, 1.78) 1.10 (1.00, 1.22)
cMF denuded bone 1.76 (1.04, 2.99) 1.34 (1.07, 1.67)
Conclusions: In sum, MM damage significantly increased risk
of cartilage loss in the subsequent two years assessed as MT
cartilage volume, MT denuded bone, or cMF denuded bone.
Greater Vmal also increased cartilage loss measured as MT
cartilage volume, MT cartilage thickness, MT denuded bone, and
cMF denuded bone. The effect of each of these parameters was
more evident on the tibial than the femoral side of the joint, with
clear evidence of MM damage and Vmal interaction in their effect
on MT cartilage loss.
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Purpose: Both the Lyon Schuss (LS) and Fixed Flexion (FF) ra-
diograph techniques have been shown to offer a better reliability
Osteoarthritis and Cartilage Vol. 14, Supplement B S139
in the measurement of minimum joint space width (JSW) and a
better sensitivity to change in OA than the conventional standing
anteroposterior (AP) view of the knee. Both radiographic pro-
tocols use identical subject knee positioning however, the LS
protocol requires the alignment of the medial tibial plateau with
the Xray beam through fluoroscopic guidance. A head to head
comparison of both radiographic views has not been published.
This study evaluated the long-term reproducibility of the mea-
surement of JSW in normal knees and the sensitivity to change
in knees with OA for both radiographic methods.
Methods: One knee from 63 patients with knee OA (KL ≥ 2) and
from 55 aged- and sex-matched control subjects (KL = 0) were
serially radiographed the same day using both the LS and the
FF protocols, at baseline and 1 year later. Minimum Joint Space
Width (mJSW) of the medial femoro-tibial joint was measured
with a computerized program (Holy’s, Lyon, France). Medial tibial
plateau (MTP) alignment was assessed by measurement of the
interim distance (IRD) representing the distance between the
anterior and posterior rims of the MTP.
Results: Mean (SD) change from baseline in mJSW in normal
knees was 0.02 (0.29) mm (p=0.12) and 0.06 (0.23) mm (p=0.09)
in LS and FF radiographs, respectively. Mean (SD) Joint Space
Narrowing (JSN) in OA knees was 0.21 (0.40) mm (p<0.0001)
and 0.03 (0.37) mm (p=0.57) in LS and FF radiographs, re-
spectively. Overall the mean (SD) IRD was significantly smaller
(p<0.0001) in LS compared to FF radiographs, 0.97(0.65) mm
versus 1.83 (1.09) mm at baseline and 0.88 (0.58) mm versus
1.84 (1.09) mm at one year, respectively.
Conclusions: No change in mJSW was observed in normal
knees similarly in both radiograph techniques. The significant
JSN over one year in LS compared to FF radiographs may be
attributed to a tighter MTP alignment.
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Purpose: To explore the prevalence and volume of bone mar-
row lesions (BML) and synovial fluid (SF) effusion by magnetic
resonance imaging (MRI) in the knee of both patients with knee
osteoarthritis (OA) and healthy control subjects and their predic-
tive value for medial femorotibial joint space narrowing (JSN) at
1 year.
Methods: 3.0 Tesla sagittal MR images were obtained in one
knee of 84 subjects with water excitation T1-weighted SPGR,
T2*-weighted 3D gradient echo; and dual-echo T2-weighted fat-
saturated (FS) fast spin echo (FSE) sequences. BML and SF
volumes were assessed on MR images using proprietary com-
puter software (VirtualScopics Inc). BML were characterized by
the count of the lesions within a compartment and their total
volume. Conventional standing AP knee radiographs were read
centrally by one observer to determine Kellgren Lawrence grades
(KLG). 40 subjects had a BMI ≤ 28, no symptoms, and a KLG =
0 bilaterally. 44 subjects had a BMI ≥ 30, symptoms in at least
one knee, with mild to moderate radiographic OA (11 = KLG 1,
21 = KLG 2, 12 = KLG 3). Lyon schuss radiographs of the same
knee were obtained at baseline and 1 year later. Minimum JSW
in the medial femorotibial compartment (FTC) was measured
with a computerized method (Holy’s, Lyon, France). JSN was
expressed as the difference between baseline and 1 year JSW
values.
Results: KLG 2 and 3 knees exhibited significant loss of JSW
in 1 year (mean JSN ± SD = 0.17 ± 0.32 mm and 0.27 ± 0.55
mm, respectively, p<0.0001 for each) in contrast to KLG 0 and
1 knees. BML were observed medially in 19% of knees, laterally
in 13%, and both medially and laterally in < 4%. Baseline BML
volume (range: 23-7721 mm3) and the presence of lateral BML
were unrelated to medial JSN over 1 year. In contrast, knees
with medial BML exhibited significantly greater JSN than those
without BML (0.39 ± 0.26 mm vs. 0.02 ± 0.08 mm, p=0.0002).
Interestingly, the association between medial BML and JSN was
unrelated to baseline KLG. The volume of SF was significantly
larger (p<0.0001) in knees with KLG 3 than in knees with KLG
<3. Baseline SF volume was unrelated to JSN at 1 year (R =
0.14; p = 0.2). SF effusion was significantly larger in knees with
medial BML than in knees without medial BML (10729 ± 9831
mm3 and 5924 ± 5115 mm3, respectively, p=0.002).
Conclusions: In the studied population, medial BML was a
predictor of JSN over 1 year at all levels of x-ray severity of knee
OA. SF effusion was related to BML but did not predict JSN.
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Purpose: To develop a robust method for the measurement of
knee alignment angle on fixed-flexion projection radiographs.
Methods: A knee-alignment measurement tool was developed
to allow a user to demarcate the edges of the femur and tibia
bone shafts on fixed-flexion knee radiographs (Figure 1a.) For
the purpose of demarcation, the bone shafts are defined as the
portion of the femur superior to the patella and the portion of the
tibia inferior to the overlap of the tibial and fibular heads. The
tool performs a singular-value decomposition (SVD) to determine
the interpolated boundary samples, and returns the medial-side
femoral-tibial angle.
A second alignment tool implementation was based on a previ-
ously validated measurement of lines meeting at the center of
the tibial spines. The lines extend in either direction to the center
points of the proximal femur and distal tibia, and the medial-side
femoral-tibial angle is determined.
A single user performed knee alignment measurements using
both methods on 12 fixed-flexion radiographs. The images were
acquired in osteoarthritic subjects selected at random from pre-
vious studies using the fixed-flexion technique with a SynaFlexer
frame to fix knee position and rotation. Radiographs were in-
cluded for the measurement only if the bone shafts were visible
to an extent at least 10 cm from the articulating surfaces. Each
angle measurement was repeated a second time on a different
day. For each method, the coefficient of variation (CV), the small-
est detectable difference (SDD), and the intra-class correlation
(ICC) were computed. CV and SDD were computed using:
CV = SD(angle)/mean; SDD = 1.96·SD(angle)
where SD(angle) is the standard deviation of differences be-
tween angle measurements. The intra-class ICC was also com-
puted across both methods to determine agreement with the
previously validated method.
Results: Both methods had CV = 0.4%. The SDD angle com-
puted using the 12 repeat reads for the bone shaft method was
1.56 degrees, and for the lines-to-spines method, was 1.43 de-
grees. The ICCs for the repeat measurements using the bone
shaft and lines-to-spines methods were 0.97 and 0.99, respec-
tively; the ICC between the two methods was 0.79. While both
methods agreed well, 2 of the 12 images were in patients with
